Purpose: To determine whether neoadjuvant androgen deprivation therapy (NADT) improves clinical outcomes in patients with prostate cancer treated with definitive radiotherapy. Materials and Methods: We retrospectively reviewed medical records of 201 patients with prostate cancer treated with radiotherapy between January 1991 and December 2008. Of these, 156 patients with more than 3 years of follow-up were the subjects of this study. The median duration of follow-up was 91.2 months. NADT was given in 103 patients (66%) with median duration of 3.3 months (range, 1.0 to 7.7 months). Radiation dose was escalated gradually from 64 Gy to 81 Gy using intensitymodulated radiotherapy technique. Results: Biochemical relapse-free survival (BCRFS) and overall survival (OS) of all patients were 72.6% and 90.7% at 5 years, respectively. BCRFS and OS of NADT group were 79.5% and 89.8% at 5 years and those of radiotherapy alone group were 58.8% and 92.3% at 5 years, respectively. Risk group (p = 0.010) and radiation dose ≥70 Gy (p = 0.017) affected BCRFS independently. NADT was a significant prognostic factor in univariate analysis, but not in multivariate analysis (p = 0.073). Radiation dose ≥70 Gy was only an independent factor for OS (p = 0.007; hazard ratio, 0.261; 95% confidence interval, 0.071-0.963). Conclusion: NADT prior to definitive radiotherapy did not result in significant benefit in terms of BCRFS and OS. NADT should not be performed routinely in the era of dose-escalated radiotherapy.
Introduction
Androgen deprivation therapy (ADT) after definitive radiotherapy (RT) has been proven to be beneficial in patients with high-risk prostate cancer [1] [2] [3] [4] [5] and offering 2-3 years of adjuvant ADT after definitive RT is a standard treatment in these patients. In addition, ADT prior to definitive local treatment prolongs disease-free survival in high-risk prostate However, the question of what will be the optimal in low-to intermediate-risk and even in high-risk prostate cancer still remains because RT technique has evolved for decades to allow delivering higher radiation dose to the prostate, which improves treatment efficacy without severe gastrointestinal (GI) or genitourinary (GU) toxicities. Conventional radiation dose ranging from 60 Gy to 70 Gy which was adopted in most randomized studies comparing NADT plus RT vs. RT alone, is now regarded as suboptimal in the treatment of prostate cancer [12, 13] . Nowadays, standard radiation dose reaches at least 74 Gy or higher in patients with prostate cancer [12] [13] [14] as several randomized studies comparing conventional vs. dose-escalated RT have confirmed the benefit of the latter [15] [16] [17] . Therefore, we performed retrospective analysis to evaluate the effect of NADT according to risk groups and investigated whether NADT improves clinical outcomes of prostate cancer in patients who underwent definitive RT with or without adjuvant ADT.
Materials and Methods
We retrospectively reviewed medical records of newly diagnosed patients with adenocarcinoma of the prostate treated at the Department of Radiation Oncology between January 1991 and December 2008. Two hundred and one patients were identified on the local database. Of these, 156 patients, who had cT1-T4, N0, and M0 by the American Joint Committee on Cancer seventh edition staging system [18] with more than 3 years of follow-up except for 4 patient s who had died of disease, were the subjects of this study. The median follow-up was 91.2 months (range, 14.4 to 180.2 months) and the mean age of all patients was 69.4 years (range, 48.7 to 87.6 years). The characteristics of all patients are summarized in Table 1 .
Pretreatment evaluation included prostate needle biopsy or transurethral resection, bone scan, chest radiograph, pelvic computed tomography (CT) scan and/or pelvic magnetic resonance image (MRI) scan, and pretreatment prostate specific antigen (PSA). The risk groups [19] were defined according to combinations of each pretreatment variables including T stage, Gleason score, and pretreatment PSA as follows: low-risk was Gleason score ≤ 6 and PSA ≤ 10 ng/mL and stage T1-T2a; Intermediate-risk was Gleason score ≤ 7 and/or PSA between 10 and 20 ng/mL and/or stage T1-T2, not low-risk; high-risk was Gleason score ≥ 8 or PSA > 20 ng/mL or stage ≥ T3a.
1. Neoadjuvant, concurrent, and adjuvant ADT NADT was given in 103 patients (66.0%) prior to RT. Complete androgen blockade using gonadotropin-releasing hormone agonist combined with anti-androgen agent was performed in most patients (n = 84). Eighteen patients underwent antiandrogen agent alone. Surgical NADT (bilateral orchiectomy) was performed in 1 patient. The median duration of NADT was 3.3 months (range, 1.0 to 7.7 months). Concurrent ADT during RT following NADT was performed in 74 patients (71.8%). Adjuvant ADT was given in 59 patients (57.3%) with median duration of 6.3 months (range, 1.0 to 61.9 months). No patient received adjuvant ADT alone after definitive RT. Patients with good performance status, higher T stage and/or higher Gleason score were more susceptible to NADT. However, in other risk factors including age, pretreatment PSA and risk group, there was no statistical difference between two groups.
Definitive RT
RT was performed with 1.8 Gy per fraction in 7-10 weeks with or without pelvic irradiation using megavoltage machines. Since three-dimensional conformal radiation therapy (3D-CRT) and/or intensity-modulated radiation therapy (IMRT) had become available using planning CT scans and radiation treatment planning system, the prescription dose to the prostate was escalated step by step. Elective pelvic node irradiation (EPNI) was omitted when the prescription dose exceeds 70 Gy. Until July 2002, the prescription dose to the prostate was less than 70 Gy and EPNI was performed in all patients. Four-field box technique using 6-10 MV photon beams was applied to the pelvis with the median dose of 45.0 Gy (range, 30.6 to 50.4 Gy). At the completion of EPNI, multiple portals or arc technique was utilized to treat the prostate only with the median dose of 67.0 Gy (range, 64.0 to 68.4 Gy).
Between August 2002 and February 2004, the prescription dose was escalated to 70.2 Gy without EPNI using six coplanar radiation portals. The seminal vesicles were treated with the median dose of 45.0 Gy (range, 0 to 59.4 Gy). After March 2004, the prescription dose was escalated to 75.6 or 81.0 Gy without EPNI using IMRT technique with 6 MV photons. Thirtyeight patients were treated using IMRT technique. The median dose to seminal vesicle (SV) was 50.4 Gy (range, 45.0 to 50.4 Gy). In IMRT planning, no more than 30% of rectal wall and 50% of bladder wall received 95% of prescribed dose.
After definitive RT, patients were scheduled to visit outpatient clinic at regular intervals, which was 4 months at 1-2 years, 6 months at 3-5 years, and one year thereafter. Treatment toxicities during and after RT were assessed by Common Terminology Criteria of Adverse Event v3.0. Treatment toxicities developed within 90 days after completion of RT were regarded as acute whereas the others did as late.
Statistical analyses
The statistical analysis was performed using the SPSS software ver. 18.0.0 (SPSS Inc. Chicago, IL, USA). A p-value less than 0.05 was considered statistically significant. Categorical and continuous data were compared between the groups using Fisher exact test and Student t-test, respectively. The survival curves were generated using the Kaplan-Meier method and compared with log-rank test. The Cox proportional hazards model was adopted for multivariate analysis. To adjust for confounding factors between two groups, we incorporated a propensity score in the Cox proportional hazards model, which estimates the tendency to perform NADT. The propensity score was the linear predictor from a multivariate binary logistic model in which the response variable was NADT and the covariates were patient's age, the Eastern Cooperative Oncology Group performance status, clinical T stage, Gleason score, and pretreatment PSA.
Results

Biochemical relapse, clinical failures and overall survival
Biochemical relapse (BCR) was defined as the Phoenix definition of ≥ PSA nadir + 2 ng/mL. Biochemical relapsefree survival (BCRFS) and overall survival (OS) of all patients were 72.6% and 90.7% at 5 years, respectively ( Fig. 1) . BCRFS of patients was 92.9%, 79.5%, and 66.7% at 5 years for low-, intermediate-, and high-risk, respectively (Fig. 2) .
In low-risk group of 18 patients, only one patient who underwent NADT followed by definitive RT with 75.6 Gy had http://dx.doi.org/10.3857/roj.2014.32. 4.247 developed BCR at 30 months of follow-up. He was salvaged with hormonal therapy and achieved PSA nadir less than 1.0 ng/mL again. Local (LF) or regional failure was not observed in low-risk group. Distant failure (DF) had developed at 48 months after treatment in one patient, who was salvaged with wedge resection of pulmonary metastasis.
Among 42 patients with intermediate-risk features, 9 (21.4%) BCR, 1 (2.4%) LF, and 2 (4.8%) DF were observed. In patients treated with less than 70 Gy, 53.3% (8 of 15) of RT alone group had BCR whereas 9.1% (1 of 11) of NADT followed by RT group had BCR with statistically significant difference (p = 0.036). Only one patient had adjuvant ADT longer than 1 year. The BCRFS of patients treated with radiation dose less than 70 Gy with and without NADT was 95.0% and 57.4% at 5 years, respectively (p = 0.004). Sites of DF were lungs in one patient and bone in the other. All clinical failures were preceded by BCR and all patients with BCR underwent salvage hormonal therapy. After hormonal therapy, PSA nadir of the 5 patients had reached below 1.0 ng/mL.
In 96 patients of high-risk group, BCR rate was around 40%. Table 2 shows BCR in regard of NADT, radiation dose, and risk groups. In patients treated with less than 70 Gy, 73.9% (17 of 23) of RT alone group had BCR whereas 45.8% (11 of 24) of NADT followed by RT group had BCR with marginal statistical difference (p = 0.075). The BCRFS of patients treated with radiation dose less than 70 Gy with and without NADT was 72.9% and 50.4% at 5 years, respectively (p = 0.003). Among 4 patients receiving radiation dose ≥70 Gy without NADT, one patient (25.0%) had BCRFS while 7 of 45 patients (15.6%) receiving radiation dose ≥70 Gy with NADT had BCRFS. The difference of BCRFS between these groups was not statistically significant in univariate analysis (p = 0.166).
The effect of total duration of ADT was evaluated in highrisk patients. There were 70 patients (72.9%) receiving shorter than 1 year of ADT and 26 patients receiving longer than 1 year of ADT. There was no difference of BCRFS between the two groups (67.4 % vs. 64.6% at 5 years, p = 0.980). BCRFS of 85 patients (88.5%) with longer than 2 years of ADT was 90.0% which is higher than 63.8% of 11 patients with shorter than 2 years of ADT (p = 0.111). However, when stratified by radiation dose, there was no difference as well.
As to clinical failures, 11 (11.5%) LF, 8 (7.8%) DF, and 3 (3.1%) with LF and DF were observed. All clinical failures were preceded by BCR. Most of the patients with BCR underwent life-long salvage hormonal therapy. Among 37 patients with BCR, 7 patients did not undergo salvage hormonal therapy because of patient's refusal in 6 patients and heart problem in one. One patient with local failure confirmed at needle biopsy had been salvaged by retropubic prostatectomy.
Effect of NADT and prognostic factors for BCRFS and OS
BCRFS and OS of NADT group were 79.5% and 89.8% at 5 years. Those of RT alone group were 58.8% and 92.3% at 5 years, respectively.
In univariate analysis for BCRFS, patients' age, risk group, NADT, and radiation dose were statistically significant factors (Table 3) . Performance status showed a borderline significance (p = 0.06). Independent prognostic factors affecting BCRFS were risk group and radiation dose in multivariate analysis adjusting propensity score for NADT (p = 0.010 and p = 0.017, respectively) ( Table 3 ). NADT trended toward better BCRFS, but did not show statistical significance (p = 0.073). When By Lukka et al. [19] . stratified by radiation dose, BCRFS of NADT group and RT alone group with radiation dose <70 Gy were 64.7% (n = 42) and 55.5% (n = 37) at 5 years. Those for radiation dose ≥70 Gy were 88.1% (n = 11) and 90.0% (n = 66) at 5 years, respectively. Fig. 3 shows BCRFS curves according to NADT stratified by radiation dose. There was no significant difference between groups with or without NADT in patients receiving radiation dose ≥70 Gy (p = 0.812). OS for NADT and RT alone group were 89.8% and 92.3% at 5 years. NADT was not a significant prognostic factor for OS (p = 0.760). As for OS, radiation dose was the only significant factor both in univariate and multivariate analysis (p = 0.007 and p = 0.044, respectively) ( Table 4 ). Fig. 4 shows OS difference according to the radiation dose.
Radiation toxicities
GI and GU toxicities were the majority of the adverse events (Table 5 ). In patients treated with radiation dose <70 Gy and EPNI, 61 (77.2%) experienced grade 1 or 2 acute GI toxicities, whereas 25 (32.5%) of the others did (p = 0.000). Of note, patients with radiation dose ≥70 Gy had less severe acute GI toxicities, which suggests that two possible explanations: EPNI affects negatively on the development of acute GI toxicities and robust dose constraint to organs at risk using IMRT may have preventive effect on the development of acute GI toxicities despite higher prescription dose.
Late GI toxicities of grade 1 or 2 were observed in 20 (25.4%) patients with EPNI and 7 (9.1%) patients without EPNI (p = 0.007). Similar to acute GI toxicities, late GI toxicities were less By Lukka et al. [19] . Early toxicities of GU system were observed in 62.2% of all patients. Late GU toxicities had developed in 19 patients (12.2%) with grade 2-3. GU toxicity between dose groups was not different. Treating patients using IMRT technique produced feasible early GU toxicities. Among 38 patients treated with IMRT technique, early GU toxicities of grade 2 to 3 were observed in 7 patients (15.8%). Toxicities of other organs related to RT were uncommon: early toxicities of grade 1 in 4 patients (2.6%) and late toxicities of grade 1 in 1 (0.6%).
Discussion and Conclusion
The benefit of NADT in high-risk prostate cancer has been confirmed by several randomized studies [1, 7] , but in low-to intermediate-risk prostate cancer, it is not clearly established. Laverdiere et al. [10] showed in their study, which randomized 120 patients with prostate cancer into three treatment arms (RT vs. NADT plus RT vs. NADT followed by RT and adjuvant ADT), that NADT was beneficial in terms of response rate to treatment (positive biopsy rate at 12 and 24 months) and median serum PSA level. In another randomized study which enrolled 206 patients with intermediate-to high-risk prostate cancer and implemented 70 Gy of 3D-CRT, D'Amico et al. [9] showed that 6 months of ADT (2 months of neoadjuvant, concomitant, and adjuvant) with RT, when compared to RT alone, achieved an improvement in OS, cause-specific survival (CSS), and survival without salvage ADT. Post-randomization analysis by Nguyen et al. [20] suggested that ADT plus RT was associated with risk reduction from death in intermediate-to high-risk groups. The RTOG 94-08 [11] compared the efficacy of 4 months of short-term ADT before and during RT in 1,979 patients with early prostate cancer. When short-term ADT was given in conjunction with 66.6 Gy of RT, OS, CSS, BCRFS, and distant metastasis-free survival of combination therapy were superior to those of RT alone. From the above randomized studies, there appears that NADT followed by conventional RT improves BCRFS, CSS and OS in patients with intermediate-to high-risk prostate cancer. In this study, NADT showed a trend toward better BCRFS in patients receiving <70 Gy, which is consistent with the randomized trials.
The clinical benefit of NADT in the era of dose-escalated RT has been unanswered as direct evidences from randomized trials are unavailable. Preliminary results from the French trail GETUG 14 [21] , which enrolled 377 patients with intermediaterisk, adopted 80 Gy of dose-escalated RT and investigated the effect of 4 months of NADT, reported improvement of BCRFS (91% vs. 97%, p = 0.04) with NADT at 37 months of median follow-up. However, the primary end point of the study, biochemical or clinical control probability, were not statistically significant (p = 0.09). Retrospective study of dose- [22] suggested that at 99 months of median follow-up, 3 months of NADT had no effect on BCRFS in patients receiving 81 Gy of RT using 5-field IMRT technique. In this study, similar to the data of Memorial Sloan Kettering Cancer Center, the effect of NADT in patients receiving dose-escalated RT did not bring statistically significant improvement of BCRFS, as shown in Fig. 3 . Although there was small number of patients in RT alone group in dose-escalated RT group, BCRFS of each group at 5 years was almost same. As of now, the benefit of NADT in dose-escalated RT era is dubious and further studies are warranted.
If NADT is of benefit, how long the duration of NADT will be optimal is more questionable. Randomized studies showed inconsistent results between them. The Irish trial [23] comparing 4 months vs. 8 months of NADT before RT in intermediate-to high-risk prostate cancer, had resulted in no difference in all endpoints including OS, CSS, and BCRFS. Canadian multi-institutional study compared 3 months vs. 8 months of ADT prior to RT in patients with low-to high-risk prostate cancer. Crook et al. [24] demonstrated that pattern of failure did not differ from 3 months to 8 months of NADT. However, the actuarial disease-free survival of 8 months of NADT was higher than that of 3 months of NADT in patients with high-risk features. Interesting finding was observed later in the subsequent analysis of this study. Alexander et al. [25] suggested that biochemical response to NADT before RT, not duration, is critical determinant of BCRFS. This suggestion may explain why randomized studies showed discrepant results between them. If this is the case, risk-adapted NADT might be promising in the future for the treatment of prostate cancer. [26] Refinement of RT technique prompted dose-escalated RT for the prostate cancer without increasing radiation-related toxicities. Several series [15] [16] [17] 27 ] examining dose-escalated RT for the prostate cancer have demonstrated that higher radiation dose results in superior BCRFS to conventional radiation doses. Similar outcomes were seen in this study. RT using conventional dose (<70 Gy) had resulted in unacceptably poor BCRFS, regardless of NADT. Higher radiation dose (≥70 Gy) had increased BCRFS with hazard ratio of 0.361 (p = 0.017; 95% confidence interval, 0.157-0.830) and increased OS with hazard ratio of 0.261 (p = 0.062; 95% confidence interval, 0.071-0.963). Patients receiving RT using IMRT technique in this study also showed acceptable GU and GI toxicities.
There are some limitations in this retrospective study. The distribution of risk factors including performance status, clinical T stage and Gleason score was not balanced between patients with and without NADT. Although propensity score was included in the Cox proportional hazard model to adjust these biases, there may still exist some biases that may affect the outcomes of this study. Furthermore, the number of patients in NADT with dose-escalated RT was small that the effect of NADT in these patients could not be fully evaluated. Lastly, toxicities from NADT were not described in this study because unlike the radiation-related toxicities, clinical information regarding toxicities from NADT was insufficient to analyze.
In conclusion, NADT prior to RT trended an improvement of BCRFS in patients receiving radiation dose <70 Gy without statistical significance. In patients receiving radiation dose ≥70 Gy, it was of no benefit in BCRFS or OS. The benefit of NADT was questionable even in high-risk patients. On the contrary, dose-escalated RT has resulted in the improvement of BCRFS and OS. In this regard, NADT should not be performed routinely in an era of dose-escalated RT and further investigation is needed to clearly define whether NADT combined with doseescalated RT is beneficial in patients with intermediate-or high-risk prostate cancer.
